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RSG are unstable to pulsation

Pulsational properties
Pulsationally enhanced mass loss
Implications for SN progenitors

Implications for SN impostors / LBV-
like eruptions



RSG are unstable to pulsation

Pulsational properties
Pulsationally enhanced mass loss
Implications for SN progenitors

Implications for SN impostors / LBV-
like eruptions

NB:

Work in progress - Very preliminary results




Properties of a RSG

5.2 LA S S S B S S B S S S S S S S S S 4- T T I | ‘:
M, ., = 20 M 3 z

5.1F . — ©F :

& : .

5.0 e OF E
() _2:-_ K

3 4.9 LI :
& % E
S 4.8 §0 —6;— —
4.7 —-8F -]

- 1 1 -

Ol
9}

4.6 s o o4 4 4 4.4 4 4.1 . 401 .21 ‘10
4.6 44 42 40 3.8 3.8 M,/Mg
1_‘_)_8 Tere

[V
)

l

|
J3 4 s e IEENEEEEER
A

X 1
-
3 1 I
; .
.
©
|
1 | W DR TRRNN TRRN NN RN
L 7T T EEENETE
e

Inaf rra fo /a)

- 2
logl time till core collapse / yr)



Opacity inside a RSG
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Opacity inside a RSG

- Pulsation is caused by partial ionization :

30 £ of Hydrogen for T< 10000 K i

- - (Li & Gong, 1994; Heger et al. 1997) -
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log L/Lsun

Non-linear

Calculations
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Pulsation

properties

Pulsation can provide
a large amount of
momentum into the
outermost layers of

a RSG

=> Superwinds ?

If so we expect a runaway
process (since the strength
of pulsation is controlled by
the ratio L/M)



1400 - b T S :
| Pulsation
g 1zoo§— n — .t'
A1 S—"I | | Dproperties
= 1000F | “ 7 Pulsation can provide
900 E- =
P ~few years | mombntum nto the
s800E . o0y
8.35920 8.35922 8.35924 8.35926 outermost layers of
7Y AL A R a RSG
Q) 103— <0 Mg — :
£ 3 => Superwinds ?
> N i
3 6F .
Sk 1 If so we expect a runaway
g 1 process (since the strength
S 2F 71 of pulsation is controlled by
T ob 3 the ratio L/M)
0 o 10 15

Mr/M®



Models unstable to strong pulsation
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The '‘RSG Problem’

1999ev
20044
2003ie
2002hh «—a
199%an «{J
2004om |
1999em
2001du
1999br
1999qi
200700
2006my
2004dq
2006bc
20060v
2004et
2008bk
2005¢s
2003qd
2004A

1

i\

log L/Lg

WR Stars

<~
<«
«{J
3
<0
L |
<«
<«

No supernovae
Uncertain lower limit

i

—l

Neutron star remnant

- o e e e e o e e e o e e e e e e o e e w0

Black hole remnant

Low—mass hydrogen envelope

—

o B

5 10 15 20 25 30
Initial mass / Mo

Figure 8. The initial masses of all our type II-P progenitor stars,
compared with our theoretical limits for production of supernovae
of different types and type of compact remnant. The box symbols
are shaded on a metallicity scale. the lighter the shade the lower
the metallicity, with the values taken from Table 2.
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The '‘RSG Problem’
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Evidence for Superwind? Can Pulsation explain this?



Pulsation Growth-Rate

Using the pulsating
models (15-40 Msun),
we fitted n (the
growth-rate of
pulsation) as
function of the
stellar parameters.

Then we assumed
that mass loss is
enhanced by
pulsation:

M = M()Tla

log eta
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Mdot [Mg yr']

time [10° yr]
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25Msun Hydrostatic Model

with pulsationally enhanced
massloss

Basic Assumption: M ~ 770‘
with alpha > 0

e | /M increases with mass loss,
hence eta increases.

This results in a Runaway
effect!

e \When T> 5000K the
mass loss rate suddenly
decreases

 The “superwind phase” would
occur later in less massive star.



SN impostor? LBV-like eruption?

25 Msun
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Since L/M decreases
with mass loss, the
star becomes very
unstable to pulsation
(10-20 times higher
growth rate than in a
normal RSG).

E~L*dt
dt ~ P ~ a few years
=> E ~ 104 -10%" erg



SN Type lIn

* Depending on Mini
strong pulsation sets

I ' | ' ' I ' ' TS
in from early core He i -
burning to C — 107 25 Msun E
exhaustion. = - -

o =
e Eruption-like event R Y P ol
occurs ~1000 yrs 3 10F E
before core collapse = o-sL L J -
in a 20 Msun =

1Ko A T N T

* Such event would 6.0 6.2 6.4 6.6 6.8
be observed as a time [10° yr]

Type liIn SN



SN Progenitors

A new scenario for SN progenitors:

Mini
Type llp 9~19 Msun
lin 19 ~ 21 Msun
lIL/llb 21 ~ 30 Msun
Ib/c >~ 30 Msun



SN Progenitors

A new scenario for SN progenitors:

Mini
Type llp 9~19 Msun
lIn 19 ~ 21 Moeun
lIL/llb 21~ 30 Msun m—
Preliminary!
Ib/c >~ 30 Mosun



VY CMa: an extreme RSG

If VY CMa were to explode now, it would results in a Type lIn
(Smith et al. 2009)

slow halo
(less dense)

slow halo
(dense eq.)

fast
o asymmetric
VY CMa’s ¢jection
environment swept-up shells/arcs

Smith et al. (2009) Credit: Nasa/Humphrey



Conclusions

»  Strong pulsation in RSG is expected for
Mini > ~17 Msun

» |f pulsation causes mass loss enhancement, a
runaway increase, followed by a sudden
decrease in the mass loss rate is predicted

* This might explain the recent observational
evidence that no SN Type llp progenitor has
Mini > 17 Msun

- Some SN type lln may be produced by relatively
low mass stars (~ 20 Msun)
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Density structure

25 Msun -

log p [g cm™]




Pulsation in RSGs is caused by
partial ionization of hydrogen for T < 10000 K

=S oL, 4/3+n\| ol ol
K xp T iz_ — +(s+4)—
L r,-1)T T
5L,. ~4 g For a completely ionized region
L I I, =5/3,53.5 n~1
Compression and heating lead to more leakage of radiation.
=> Stable against pulsational instability
OL, C OT  For a partially ionized region
. I
L [,->1,s<0,

Compression and heating lead to more trapping of radiation
=> Unstable to pulsational instability



Some literature

Levesque et al. (2007): variable RSG in the magellanic clouds (P~ year)
Lobel et al. (2003): the yellow hypergiant rho Cas (P~1.7 yrs)

Smith et al. (2009): RSG as potential Type IIn progenitors (VY CMa)

Vink & Kotak: variable CSM around SNe

periodic modulation in the radio flux of SN2001ig, SN2003bg, SN1979C and
SN1998bw (P~few/hundreds years)

+ many sign of variability for RSGs



